Abstract: Ovarian cancer is the fifth most common cause of cancer death in women in Europe. Despite the progress, almost 70% of the patients relapse. The standard treatment is cytoreductive surgery followed by platinum-taxane chemotherapy; in patients with a disseminated disease, one option is neoadjuvant chemotherapy with delayed surgery (ie, interval debulking surgery). The most important change in the last decades involved the schedule treatment and the addition of new drugs to first-line therapy. Because of the pathogenetic role of angiogenesis in solid-tumor growth and metastasis, research has been concentrated on anti-angiogenetic drug. Bevacizumab, the most promising anti-angiogenetic drug, is a humanized monoclonal IgG antibody that targets vascular endothelial growth factor receptor. It was approved on December 23, 2011 by the European Medicines Agency and on June 13, 2018 by the Food and Drug administration as first-line treatment in epithelial ovarian, fallopian tube, or primary peritoneal cancer stage III or IV in combination with carboplatin and paclitaxel. There are still some doubts, regarding the schedule, dosage, duration of the treatment, safety, and tolerability, both in first-line and in neoadjuvant chemotherapy treatments. This review tries to answer clinical practice questions and summarizes the evidence from Phase III studies, emerging data, and ongoing trials.
Introduction
Ovarian cancer (OC) is the most lethal gynecologic cancer; it is responsible for ~14,070 deaths and 22,240 new cases in the United States annually. 1 Primary debulking surgery (PDS) followed by a combination of platinum-paclitaxel-based chemotherapy is currently considered as the standard of care for advanced epithelial ovarian cancer (AOC). 2, 3 In patients with wide and aggressive tumor dissemination, an alternative treatment strategy is neoadjuvant chemotherapy (NACT) with delayed surgery (ie, interval debulking surgery, IDS). Despite the progress achieved in the last decades, almost 70% of the patients relapse, thus a lot of effort in the scientific community is being done for ameliorating the prognosis of these patients. The most important change in the last decades involved the schedule treatment and the addition of new drugs.
As the target therapy should be less toxic than cytotoxic drug, and because of the pathogenetic role of angiogenesis in solid-tumor growth and metastasis, research has been concentrated on antiangiogenetic medication. The rationale to use an antiangiogenetic treatment in cancer is related to the presence of hypoxia in cancer tissue; the reduction of oxygen induces the transcription of vascular endothelial growth factor receptor (VEGF-R) on the endothelial cells; subsequently, the binding of circulating vascular endothelial growth factor (VEGF) with the receptor leads to proliferation of new vessels, promoting tumor growth.
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Bevacizumab, a humanized monoclonal IgG antibody that targets VEGF-R, has been one of the first and most investigated antiangiogenetic drugs, and several evidences demonstrated its efficacy also in OC. 4 This inhibition leads to a reduction of neo-angiogenesis and an increase of vascular permeability; consequently, a higher dose of chemotherapeutic agents is released, finally resulting in the apoptosis of tumor endothelial cells. 5 Bevacizumab is approved for the first-line treatment of AOC, fallopian tube, and primary peritoneal cancers due to the results of two randomized controlled Phase III trials. 6, 7 The International Collaborative Ovarian Neoplasm Trial 7 (ICON-7) and the Gynecologic Oncology Group protocol (GOG-0218) demonstrated an improvement of progressionfree survival (PFS), mainly in the high-risk OC population; the "higher risk" was defined as patient with a FIGO stage III tumor, suboptimally debulked (residual disease [RT] after IDS .1 cm) or stage IV.
This review summarizes the evidence for the use of bevacizumab in first-line AOC with attention on the ongoing trials.
First-line treatment Phase iii randomized controlled trials
Bevacizumab was approved on December 23, 2011 by the European Medicines Agency (EMA) 8 and on June 13, 2018 by the Food and Drug Administration (FDA) 9 as the first-line treatment in patients with epithelial ovarian, fallopian tube, or primary peritoneal cancer stage III or IV in combination with carboplatin and paclitaxel. The dosage suggested is 15 mg/kg every 3 weeks with carboplatin and paclitaxel for up to six cycles, followed by 15 mg/kg every 3 weeks as a single agent, for a total of up to 22 cycles. 10 The approval is based on the results of a multicenter, Phase III trial. In the GOG-0218 trial, 1,873 women with stage III/IV OC were involved. Patients, after PDS, were randomized to receive the standard treatment (carboplatin [AUC 6] 6 Similar to the GOG-0218 study, no differences in the OS rate were reported after 49 months of follow-up (44.6 vs 45.5 months for the control and bevacizumab groups, respectively, P=0.85). 12 Details of the studies about first-line therapy are summarized in Table 1. in which category of patients is adding bevacizumab better?
In both the studies, ICON-7 and GOG-0218, high-risk patients seem to have a greater benefit from bevacizumab.
In GOG-0218 trial, the study population included only patients with FIGO stage III-IV; the majority had a stage III tumor with optimal debulking (33% [n=205] RT after PDS ,1 cm), or suboptimal debulking surgery (41% [n=256] RT after PDS .1 cm) and 26% (n=164) were stage IV.
For the primary outcome, which was PFS, a benefit was achieved for the entire population independently from risk stratification (the hazard ratio for group C compared with control group was 0.618, 0.763, and 0.698 for stage III optimally or suboptimally debulked and for stage IV, respectively). 7 However, regarding the OS, a better prognosis was shown for FIGO stage IV (the relative hazard ratio for stage IV patients for group C compared to the control group was 0.774 with a median OS times of 32.6, 34.5, and 42.8 months in group A, group B, and group C, respectively) rather than FIGO stage III (control group, 44.3 months; group B, 42.9 months; group C, 44.2 months).
11
In the ICON-7 study, the population included patients from early to advanced stage (FIGO stage I-IV); in particular, 9% had an early stage, 21% had a FIGO stage IIIA-B, and 70% had a FIGO stage IIIC-IV. In the overall population, PFS improved by 2.4 months while in the high-risk patients, PFS was higher of 5.4 months in the bevacizumab group (hazard ratio, 0.68; 95% CI, 0.55-0.85, P,0.001).
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Abbreviations: C, control arm; G, grading; NA, not available; PFS, progression-free survival; S, study arm; S1, study arm 1; S2, study arm 2; iv, intravenously; q3w, every 3 weeks; w, weekly.
Equally, the results in terms of OS were better in the high-risk patients (39.7 vs 30.3 months in the experimental vs control group, respectively, P=0.002). 6 which dosage should we use?
The dosage suggested according to the EMA and FDA approval is 15 mg/kg every 3 weeks. The incidence of the main adverse events was lower in the ICON-7 trial, in which the dosage was 7.5 mg/kg, compared to GOG-0218, in which the dosage was 15 mg/kg; in particular, hypertension grade $2 occurred in 18% vs 22.9%, proteinuria grade $3 in 1% vs 1.6%, and gastrointestinal (GI) events 1% vs 2.6% in the ICON-7 and GOG-0218, respectively.
However, the two dosages were not directly compared, so, other studies are necessary to address this topic.
Associated with which schedule?
In both GOG-0218 and ICON-7 trials, bevacizumab was associated with the traditional 3-weekly carboplatin/ paclitaxel.
This schedule was considered the standard for many decades; 13 however, after the publication of the Japanese Gynecologic Oncology Group (JGOG), demonstrating a better prognosis in patient treated with a dose-dense strategy 3-weekly), there was a doubt about which schedule was more favorable. It is important to point out that JGOG was performed in an Asian population, which could have a different metabolism compared to European population. 14, 15 Subsequently, the Multicentre Italian Trials in Ovarian Cancer (MITO) studied another schedule of treatment; in MITO-7 carboplatin (AUC 2) plus paclitaxel (60 mg/m 2 ) administrated both weekly was compared with the standard treatment; comparable results in term of PFS with less adverse events were found in the weekly schedule (PFS was 18.8 vs 16.5 months, in the weekly vs 3-weekly treatment, respectively, P=0.18). 16 To investigate the three schedule in the European population, a Phase III randomized controlled trial was conducted. All three regimens were equally useful (PFS was 17.9 months for carboplatin 3 weeks/paclitaxel 3 weeks, 20.6 months for carboplatin 3 weeks/paclitaxel 1 week and 21.1 months for carboplatin 1 week/paclitaxel 1 week, P=NS), 17 a result confirmed by a recent metanalysis. 18 Therefore, could bevacizumab be associated with another schedule? As weekly paclitaxel seems to have antiangiogenetic effects, 19 in the OCTAVIA trial, the efficacy and safety of bevacizumab (7.5 mg/kg 3-weekly) administrated with carboplatin (AUC 6) 3-weekly and paclitaxel (80 mg/m 2 ) weekly was explored. The population was comparable to the ICON-7 study; the main characteristics were similar unless for a higher proportion of patients with measurable disease in OCTAVIA trial (48% vs 34%) and a lower proportion of patients optimally debulked (59% vs 79%). Interestingly, there were no treatment-related deaths, with 4.2% of patients having hypertension grade $3% and 0.4% of patients having GI perforation. 20 The median PFS in the entire population was 23.7 months compared to a median of 19.8 months in the ICON-7 population, meanwhile, in the high-risk subgroup, the median PFS was 18.1 months compared to 15.9 months of the ICON-7. An update of the study which confirms these results was recently published. 21 Data about safety of bevacizumab also emerged from another Phase III study. In GOG 262 trial, weekly vs 3-weekly paclitaxel and carboplatin was compared. Bevacizumab was administered to the 84% of the patients. In the weekly group, there was no difference in terms of therapy discontinuation owing to adverse events with or without bevacizumab (12% vs 11% of discontinuation in the group with or without bevacizumab, respectively).
To note, the adverse events that could be related to the administration of bevacizumab were comparable in the weekly vs 3-weekly administration (hypertension grade $3 was 44% vs 51%, proteinuria was 7% vs 13%, in the weekly and 3-weekly group, respectively), with a slightly higher GI events (GI wall disruption was 11% vs 4% in the weekly and 3-weekly group, respectively). Finally, in the weekly group, one death was registered for GI hemorrhage and one for ventricular fibrillation, while in the 3-weekly group, one death for stroke and one for myocardial infarction. 22 For how long?
The current administration of bevacizumab according to the EMA and FDA approval is up to 22 cycles (15 months). 8, 9 In the GOG-0218, bevacizumab was administrated for 15 months, in the ICON-7 for 12 months; as the benefit peak in the PFS was achieved exactly at the end of bevacizumab in the GOG-0218, the ROSiA study, a single-arm Phase 3B study was designed, within the aim to evaluate the efficacy and safety of prolonging bevacizumab beyond 15 months. 23 The population included was similar to the ICON-7; treatment discontinuation was principally due to disease progression (33%); only 17% patients discontinued because of the toxicity. Compared to the safety profile of the ICON-7, an increased incidence of proteinuria and hypertension was registered; it is not possible to know if this increased toxicity is due to the higher dose of bevacizumab (15 mg/kg in ROSiA vs 7.5 mg/kg in ICON-7) or to the prolongation of the treatment. However, the toxicity profile seems to be acceptable, and no increase of major adverse events as GI perforation was registered (1.3% vs 1% G3-4 in ROSiA and ICON-7, respectively). Moreover in terms of efficacy, the PFS was the longest reported for frontline bevacizumab-containing therapy (25.5 months in the overall population and 18.3 months in the high-risk subgroup).
According to these results, treatment prolongation with bevacizumab seems to be feasible, but final conclusion could be drawn only when the final results of AGO-OVAR17, a Phase III randomized controlled trial comparing 15 vs 30 months of bevacizumab therapy, will be available. 24 
Does age of the patient matter?
Fragility is typical of elderly people. In a clinical trial on solid tumor, addressing the safety of bevacizumab in older patients, the adverse events appeared higher. 25 Otherwise, in the setting of OC, even if the toxicity is slightly increased, fatal events are comparable. 24 A post hoc analysis of ROSiA study explored the safety and efficacy according to the age. A population of 121 women older than 70 years experienced higher incidences of anemia (44% vs 32%), diarrhea (35% vs 25%), asthenia (22% vs 12%), grade 3 hypertension (41% vs 22%), and thromboembolic events (7% vs 2%) compared with younger patients but only 1 (0.8%) fatal bevacizumab-related adverse events occurred in older vs 5 (0.6%) in younger patients (P=NS). The efficacy was comparable between older and younger women (median PFS was 23.7 vs 25.6 months, respectively). 26 Moreover, in GOG-0218, the hazard ratio for group C vs control group demonstrated a benefit independently to the age (the hazard ratio for women ,60 years was 0.680, for women from 60 to 69 years was 0.763, and for women $70 years was 0.678).
Can we predict the response?
Angiogenesis plays an important role in OC, even if it is still not clear in which category of patient the addition of antiangiogenic therapy could improve the prognosis. A few studies started to analyze the angiogenetic gene profile of patients.
In the ICON-7 study, a molecular analysis was done, extracting the mRNA from 265 high-grade serous OC. Three subgroups were identified, two with an upregulation and one with a suppression (the immune group) of the angiogenic genes.
The OS was better for the immune subgroup (hazard ratio, 0.66; 95% CI, 0.46-0.94). Moreover, in the immune group, the addition of bevacizumab has worsened the PFS (hazard ratio, 1.73; 95% CI, 1.12-2.68) and the OS (hazard ratio, 2.00; 95% CI, 1.11-3.61). Conversely, in the pro-angiogenic group, there was a non-significant trend to improved PFS adding bevacizumab to chemotherapy (median 17.4 vs 12.3 months in controls). 27 OncoTargets and Therapy 2019:12 submit your manuscript | www.dovepress.com
Dovepress
1099
Marchetti et al
Another analysis was done on 359 patients included in ICON-7; four molecular subtypes were found: 73 differentiated (20%), 122 immunoreactive (34%), 68 mesenchymal (19%), and 96 proliferative (27%).
According to previous reports, patients with mesenchymal and proliferative tumors had a worse prognosis compared to the differentiated and immunoreactive subgroups; the greatest benefit from bevacizumab was obtained in the proliferative group, with a median PFS improvement of 10.1 months. This improvement in PFS remained statistically significant even after adjusting for age, grade, histology, and high risk of progression (hazard ratio, 0.45; 95% CI, 0.27-0.74, P=0.0015). 28 Recently, attention was focused on the inflammation; release of proinflammatory cytokines has a pro-angiogenetic effect, thus, patients with a systemic inflammation could benefit more of the treatment with bevacizumab. Neutrophil-tolymphocyte ratio (NLR) is an inflammatory marker increased in different solid tumor, including OC. The NLR and other markers were combined to calculate different score, and in a small series of patients shown to predict prognosis and response to the treatment. 29 In this context, MITO-24 was a retrospective study analysis aimed to analyze different inflammatory index in AOC. Thirty hundred and seventy-five patients were recruited, 301 (81%) received chemotherapy alone and 74 (19%) received chemotherapy plus bevacizumab. Patients with higher NLR were older (median age was 60 vs 64 years in low and high NLR group, respectively), presented a more diffuse disease (26% vs 34% of patients presented FIGO stage 4 in low and high NLR group, respectively), and had a worse prognosis (hazard ratio for the PFS was 1.45; 95% CI, 1.16-1.82, P=0.001, hazard ratio for the OS was 1.88; 95% CI, 1.42-2.47, P,0.0001). Interestingly, in patients with higher NLR, the PFS and OS were higher in those receiving chemotherapy with bevacizumab than in those receiving chemotherapy alone (P=0.026 and P=0.029, respectively).
30
Neoadjuvant setting
PDS followed by adjuvant platinum-taxane-based chemotherapy is the standard of care in AOC. 31, 32 In patients with non-optimally resectable disease, IDS is the best strategy. [33] [34] [35] The doubt about adding bevacizumab in the NACT setting is related to the risk of complications, primarily, GI or thromboembolic events; 36 with this regard, it has been suggested to postpone the surgery at least 28 days after the last bevacizumab administration. 37 These topics were addressed in the ANTHALYA trial, a Phase II multicenter randomized trial aimed to evaluate the safety and efficacy of bevacizumab in a neoadjuvant setting. Patients initially received four cycles of neoadjuvant 3-weekly carboplatin-paclitaxel chemotherapy with (BCP group) or without (CP group) three cycles of bevacizumab 15 mg/kg followed by IDS; after surgery, adjuvant chemotherapy was administrated, reintroducing bevacizumab at cycle 6 and maintained for at least 26 cycles. The first objective was the complete resection rate (CRR). Thirty-seven (39%) patients were included in the CP group and 58 (61%) in the BCP group. The CRR was higher in the BCP group (85.5%) with an acceptable toxicity profile. Grade 3 adverse event occurred in a similarly proportion of patients (28% in CP and 29% in BCP group). Postoperative complication occurred in eight patients (36%) in CP and in eleven patients (28%) in BCP group. 38 These data were confirmed in a more recent Phase IV study, the MITO16A-Mango OV2A, a trial designed to find prognostic factor to individualize the therapy with bevacizumab. An unplanned analysis showed the surgical details of 79 patients receiving NACT with bevacizumab followed by IDS. Interestingly, 63.5% of patients had no RT after IDS, 86.5% were optimally debulked (RT #1 cm) and only 13.5% were suboptimally debulked (RT .1 cm). No postoperative deaths were reported. Twenty-seven patients (38%) had at least one postoperative adverse event, especially mild (fever [4%], transfusion [4%]), with only 3 (3.9%) GI events registered. 39 Regarding the schedule to associate with, bevacizumab was investigated in a few studies. Salani et al analyzed nine advanced high-grade serous epithelial OC patients in a Phase I study treated with weekly paclitaxel (80 mg/m 2 ) plus carboplatin (AUC 5) and bevacizumab (15 mg/kg) every 3 weeks. No intraoperative complications were registered and 78% of patients had no gross RT. Only one patient was re-operated because of an anastomotic leakage 10 days after the IDS. 40 Another case-control study analyzed 25 patients with high-grade serous AOC treated with or without bevacizumabbased NACT in the 3-weekly schedule. The experimental group was compared with 50 patients in the control group. The IDS was generally performed 4 weeks after the end of chemotherapy in both groups (P=0.547). Optimal cytoreduction was achieved equally in the investigational arm (80%) and in the control group (72.3%) (P=0.26). No differences in terms of surgical complications were observed.
The prognosis was better in the bevacizumab group with a PFS of 18 vs 10 months in the control group, respectively (P=0.001). The characteristics of the studies are summarized in Table 2 .
In conclusion, interesting results have been shown also with the use of bevacizumab in the NACT setting, but further studies are necessary to draw definitive conclusions.
Ongoing trials
Few ongoing studies are currently under way, investigating the combination of bevacizumab with other drugs, such as poly adenosine diphosphate ribose polymerase-inhibitors (PARP-i) or immune checkpoint inhibitor, in both the neoadjuvant and the adjuvant settings. Neopembrov is a Phase II study that involves patients not amenable of PDS stage IV, evaluating the efficacy of associating bevacizumab with pembrolizumab, an anti-programmed cell death 1 (PD1) receptor blocking both PD-L1 and PD-L2, from interacting with PD-1 to help restore T-cell response and immune response. The first objective is the CRR.
Patients will be randomized to receive carboplatin (AUC5-6) and paclitaxel (175 mg/m²) with or without bevacizumab (15 mg/kg) and pembrolizumab (200 mg) 3-weekly. 42 Imagyn050 is a Phase III, randomized controlled trial, aimed to evaluate the association of bevacizumab and atezolizumab. Participants in the NACT group will receive paclitaxel, carboplatin, and atezolizumab for six cycles and bevacizumab for four cycles. Interval surgery will occur between cycles 3 and 4. Each cycle is 21 days long. After six cycles, participants will start maintenance therapy of bevacizumab and atezolizumab for additional 16 cycles. 43 In addition to a study on new drugs in NACT, other associations are also on study in the adjuvant setting. NCT00520013 is a Phase II study aimed to evaluate the combination of bevacizumab and erlotinib. Patients will receive carboplatin (AUC 5) plus paclitaxel (175 mg/m 2 ) plus bevacizumab (15 mg/kg) 3-weekly for six cycles and a consolidation with bevacizumab (15 mg/kg) on day 1 of the cycle plus oral erlotinib (150 mg) daily for 1 year. 44 MITO-25 is a Phase I-II study evaluating the addition of a PARP inhibitor to the standard treatment. Experimental group will receive carboplatin (AUC 5) plus paclitaxel (175 mg/m 2 ) 3-weekly for six cycles plus bevacizumab 15 mg/kg 3-weekly for 22 cycles (in combination and maintenance) plus rucaparib at the dose defined by the Phase I study continuously for 2 years (rucaparib only in maintenance). 45 The trial details are shown in Table 3 .
Conclusion
Bevacizumab combined with standard chemotherapy drugs has led to a significant improvement in the PFS in first-line approach, mainly in high-risk patients (stage III-IV) affected by OC; the results seem to be comparable between older and younger women. Nevertheless, there are still pending issues. The dosage suggested is 15 mg/kg every 3 weeks, but it is not already known if a lower dosage has a comparable efficacy with lower toxicity. Other schedules and other combination drugs are under investigation, trying favorable effects of bevacizumab. The duration of the treatment is not univer-submit your manuscript | www.dovepress.com
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Marchetti et al sally shared; data from randomized trials are still awaited, and researchers are looking for biologic factors to identify women who could most benefit from bevacizumab therapy. Also in the neoadjuvant setting for AOC, bevacizumab seems to be feasible and safe, but a balance between CRR at IDS, safety, survival is not defined. Further studies addressing this topic are necessary, waiting for data from ongoing trials that will clarify these doubts.
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